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At intermediate transverse momentum (2 < pr < 6 GeV/c), the baryon-to-meson ratio in Au+Au 
collisions is enhanced compared to p+p collisions. Since charm-baryon decays produce electrons less 
frequently than charm-meson decays, the non-photonic electron spectrum is sensitive to the A C /D 
ratio. In this report we study the dependence of the non-photonic electron spectrum on the baryon- 
to-meson ratio for charm hadrons. As an example, we take the A C /D ratio to have the same form 
as the A/Kg ratio. In this case, even if the total charm quark yield in Au+Au collisions scales with 
the number of binary nucleon-nucleon collisions ( Nbin ), the electron spectrum at 2 < pr < 5 GeV/c 
is suppressed relative to Nbi„ scaled p+p collisions by as much as 20%. 
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Introduction. — Non-photonic electrons from heavy 
flavor decays can be used to study charm production even 
when direct measurements of heavy flavor hadrons are 
experimentally unfeasable. Radiative energy loss models 
that successfully describe the large hadron suppression 
in central Au+Au collisions predict a smaller energy loss 
for heavy flavor quarks (the dead-cone effect) 0]. Recent 
measurements, however, show that for 3 < pr < 8 GeV/c 
the non-photonic electron spectrum in central Au+Au 
collisions is supressed by a factor of five compared to ex¬ 
pectations from Nbi n scaled p+p collisions: a suppression 
that is as large as that seen for charged hadrons U 0] ■ No 
radiative energy loss models predict such a large suppres¬ 
sion for heavy-flavor quarks. Facing the large discrepancy 
between the parton radiative energy loss results and data, 
scenarios that involve collisional energy loss are being re¬ 
visited 0. In addition, we believe that this discrepency 
may be partially resolved by taking into account possible 
changes in the A C /D ratio in Au+Au collisions. 

RHIC experiments have observed an enhancement of 
baryon production in the intermediate transverse mo¬ 
mentum region (1.5 < pr < 6 GeV/c) [j|. At pr = 
3 GeV/c, while in nucleon-nucleon collisions, one proton 
is produced for every three pions (1:3), in Au+Au colli¬ 
sions protons and pions at this pt are created in nearly 
equal proportion (1:1). This enhancement of baryon 
production is seen for protons and hyperons (A (uds), 
H (dss) and Q (sss)) along with their anti-particles [6(. 
The enhancement can be described by models involving 
multi-quark or gluon dynamics during hadronization 0, 
models making use of baryon junction loops Jsj, or mod¬ 
els with long range coherent fields (i.e. strong color 
fields) [§]. Until now, however, the implications of pos¬ 
sible charm-baryon enhancements on the non-photonic 
electron spectra have not been considered. 

The branching ratio for A c —> e + anything (4.5% ± 
1.7%) is smaller than that for D ± —> e + anything (17.2% 
± 1.9%) or D° -> e + anything (6.87% ± 0.28%) 0. In 


this case, even if charm quark production is unchanged, 
increasing the A c /D ratio will lead to a reduction in the 
number of observed non-photonic electrons. In this re¬ 
port we assume that the A C /D ratio is the same as the 
A /Kg ratio .11]- Unless specified otherwise, the symbol 
D represents the sum of D°, D + , and D s . PYTHIA [j5| 
is used to generate the decay electron spectrum from the 
input charm hadrons. We find that even when the total 
charm hadron production in Au+Au collisions scales with 
the number of binary nucleon-nucleon collisions Nbin {i.e. 
total charm hadron Raa = 1 f3])> the non-photonic elec¬ 
tron spectrum at intermediate pr can be supressed by as 
much as 20%. We also present the non-photonic elec¬ 
tron spectrum when the total charm hadron Raa follows 
the measured charged hadron Raa 0- We find that 
if charm baryons are enhanced as much as lighter fla¬ 
vor baryons, preliminary non-photonic electron measure¬ 
ments imply a smaller suppression of charm quarks than 
light quarks 0 

Results. — Fig. Q shows the A /Kg ratio in p+p 
and Au+Au collisions at = 200 GeV 0. The 

A /Kg ratio is larger than the p /tt ratio and the baryon 
enhancement becomes even stronger for multi-strange 
baryons 0. In the following analysis we take the A C /D 
ratio to have the same form as the A /Kg ratio. For 
Pt >6.5 GeV/c where the A/Kg ratio is unknown, we 
take the value A C /D = 0.33. Since the source of the 
baryon enhancement at intermediate pt is still under de¬ 
bate, it’s difficult to assess the validity of our assumed 
A C /D ratio. Possible explanations for the enhancement 
include |6| radial flow pushing heavy baryons from lower 
Pt into the intermediate pt region, baryon junction dy¬ 
namics, and enhanced production through coalesence or 
recombination of quarks. We are not aware, however, of 
predictions for the pt dependence of the A C /D ratio. 

Fig.Qshows the spectra for D°, D ± , D s , and A c . The 
spectra are derived such that the sum of the D°, D ± , D s , 
and A c spectra follows a power-law, the A c /D ratio has 
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FIG. 1: (color online). A /K% ratio. The lines show the func¬ 
tional form of the the A c /D-meson ratio used in our analysis. 

the form shown in Fig. ^ and the D-meson spectra all 
have the same pt dependence. Since we are interested 
in the shape of the spectra, the scale of the y-axis is ar¬ 
bitrary. The non-photonic electron spectrum will also 
be sensitive to the D^/D 0 and the D s /D° ratios (the 
D s —> e + anything branching ratio is 8+®% Ed)- An 
increase in the D s /D ± ratio can therefore lead to fewer 
decay electrons depending on the poorly known branch¬ 
ing ratio. At intemediate pr, the K/tt ratio in Au+Au 
collisions is enhanced compared to p+p collisions 113- 
One can also investigate how modifications to the D s /D± 
ratio in Au+Au collisions affect the non-photonic elec¬ 
tron spectrum. Since the enhancement in the A /Kg ra¬ 
tio is larger than the enhancement in the K/w ratio, 
and since the branching ratios for D s —> e + anything 
and D° —> e + anything are similar, we expect a charm 
baryon enhancement to have a larger effect on the decay 
electron spectrum. For this reason, in this report we use 
Pt independent relative D-meson abundances of 18, 7, 
and 5 for D°, D ± , and D s respectively Cl¬ 
in Fig.|dlwe show the effect of a A c enhancement on the 
charm decay electron spectrum. The ratio of two cases 
is taken: A C /D follows the shape of the A /Kg ratio in 
Au+Au collisions, or it follows the shape of the A /Kg 
ratio in p+p collisions. A supression of electrons from 
heavy flavor decays due to the larger charm baryon-to- 
meson ratio in Au+Au collisions is visible. The suppres¬ 
sion in this figure is a result of smaller A c —> e + any¬ 
thing branching ratio, which has large uncertainties. The 
highest and lowest curves show the cases corresponding 
to the upper and lower experimental uncertainties on 
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FIG. 2: (color online). The individual charm hadron and 
total charm hadron spectra. Here, the total charm hadron 
spectrum is assumed to follow a power-law shape with (pr) = 
1.3 GeV/c and n = 9. The individual charm hadron spectra 
are derived using the total charm spectrum and the assumed 
shape of the A C /D ratio in p+p collisions (bottom panel) or 
Au+Au collisions (top panel). We also show the total charm 
hadron spectra assuming a total charm hadron Raa similar to 
the measured charged hadron Raa ■ The D 3 and D ± spectra 
are omitted from the top panel for clarity. 

the branching ratio E3- The figure demonstrates that 
even if the total charm yield follows Nbi n scaling, the 
non-photonic electron spectrum may be suppressed. The 
magnitude of the suppression depends on the A C /D ratio 
and the A c —> e + anything branching ratio. The A c jD 
ratio in Au+Au collisions is unknown but for the charm 
baryon-to-meson ratio assumed here, the suppression can 
be as large as 20%. 

The presence of a charm baryon enhancement will 
change the charm quark energy loss inferred from the 
preliminary non-photonic electron Raa data. In Fig. 
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FIG. 3: (color online). Electron spectrum with A c enhance¬ 
ment divided by the spectrum without A c enhancement. 

we show the case when the total charm Raa has the same 
shape as charged hadron Raa [1-4] ■ In the lower px re¬ 
gion, this assumption may not be realistic since the total 
charm quark production is expected to follow Nt>i n scal¬ 
ing. The error introduced, however, will mostly affect 
the region below pr = 1.5 GeV/c and may be irrelevant 
to the higher px regions of interest. Our analysis shows 
that if the A c /D ratio has the form shown in Fig.|2 then 
the decay electron Raa at px < 6 GeV/c will be smaller 
than the total charm Raa- 

In this report we have not considered contributions to 
the non-photonic electrons from beauty decays. The px 
value where the yield of electrons from beauty decays 
is larger than from charm decays is experimentally un¬ 
known. Theoretical calculations indicate that the cross¬ 
over happens somewhere between px = 3 GeV/c and 
px = 10 GeV/c 0. The branching ratios for beauty 
mesons and baryons are not well know. We refer the 
reader to Ref. |2Cfl for discussion of the contribution of 
beauty to the non-photonic electron spectrum. 

In the intermediate px region, the preliminary non¬ 
photonic electron data are systematically above our cal¬ 
culations for the decay electron Raa 0 In the case that 
the heavy flavor baryons have an enhancement similar to 
the light flavor baryons, the non-photonic electron data 
indicate that the suppression for charm quarks is smaller 
than that for light quarks. We varied the input total 
charm hadron Raa and made a \ 2 comparison to the 
PHENIX data (with the systematic and statistical errors 
added in quadrature). For px > 2.0 GeV/c, the PHENIX 
non-photonic electron data are better represented when 
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FIG. 4: (color online). Raa for charm hadrons and non¬ 
photonic electrons. The total charm spectrum in Au+Au col¬ 
lisions is scaled by the charged hadron Raa values. In this 
way the total charm hadron Raa has the same form as the 
charged hadron Raa- The A C /D ratio is given the same form 
as the preliminary A /Kg ratio. For pr < 6 GeV/c, the result¬ 
ing decay electron Raa is smaller than either the D-meson or 
total charm Raa- 

the total charm hadron Raa is 35% greater than charged 
hadron Raa- At px near 6 GeV/c the derived decay 
electron Raa matches the charged hadron Raa and the 
preliminary non-photonic electron Raa data reported in 
Ref. 0. This may indicate that at px =6 GeV/c 
(within the large errors) the total charm hadron sup¬ 
pression is as large as the light hadron suppression. In 
light of the results of this analysis, however, we believe 
one must also consider that a charm baryon enhance¬ 
ment could extend to a higher px than assumed here. 
Direct measurements of heavy flavor hadrons are there¬ 
fore needed in order to accurately assess the energy loss 
of charm quarks. 

Summary. — We have studied the effect of the A C /D 
ratio on the non-photonic electron Raa- We find that 
even when the total charm hadron production scales with 
the number of binary nucleon-nucleon collisions, an in¬ 
crease in the A c /D ratio similar to that seen for the A /Kg 
ratio can lead to a suppression in central Au+Au colli¬ 
sions of non-photonic electrons at intermediate px- This 
may help explain why the non-photonic electron Raa is 
smaller than was predicted by radiative energy loss mod¬ 
els: models which are able to describe the light hadron 
Raa- If the A C /D ratio has the form assumed in this 
report, the PHENIX non-photonic electron data at inter¬ 
mediate px prefer a total charm hadron Raa 35% larger 
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than the charged hadron Raa — implying less energy 
loss for charm quarks than light quarks. If the relative 
fractions of charm hadrons are not altered in Au+Au col¬ 
lisions compared to p+p collisions, the non-photonic elec¬ 
tron Raa values are difficult to understand within cur¬ 
rent radiative energy loss models. Since the non-photonic 
electron measurements depend on the D°/D, D ± /D, 
D s /D and the A c /D ratio, direct measurements of heavy- 
flavor hadron yields are needed to draw firm conclusions 
regarding energy loss for heavy quarks. These measure¬ 
ments will only be possible at RHIC with detector up¬ 
grades [iH . 
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